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(57)Abstract: 

PROBLEM TO BE SOLVED: To enable a laser device 
possessed of a nitride semiconductor substrate and its 
resonant plane to be formed by a method wherein the opposed 
edge faces of an active layer of the nitride semiconductor 
device are set flush with the cleavage plane of a nitride 
semiconductor substrate M piane (11-00). 
SOLUTION: A protective film formed like a stripe vertical to 
the A plane (112-0) of a sapphire substrate is provided onto 
the sapphire substrate whose main surface is a C plane (0001). 
Or, a protective film formed like a stripe vertical to the R plane 
(1 1 02) of a sapphire substrate is provided onto the sapphire 
substrate whose main surface is a A plane (1 12-0). A nitride 
semiconductor is grown on the protective film for the 
formation of a nitride semiconductor substrate. Furthermore, a 
nitride semiconductor layer which includes an active layer is 
formed on the nitride semiconductor substrate, the sapphire 
substrate is removed from the nitride semiconductor 
substrate, and then the cleavage plane of the M plane (11-00) 
of the nitride semiconductor substrate is set flush with the 
edge face of the active layer. 
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AtJfJt^caJO^L'r^U, Al $>ntsmt 
Waft's <f*b<f4Al Ga N^^tfSft^ftS 

- k *mikl.< , *»^-«±«EwBSJ5£«ri oot>^ 
h o-AHJ:, 2 msiKT, *6>li»*U< lisoot 

*Ll\ fflfe^-Pli-rS ^ 5 y j> <o>fev>SSi8»tS<?D^V^ 

[ 0 043 ] ( n«!l3te^K®44) fcfcV^t, Si %5 
X 1 0 Vcm'K — -^L. fen SG a N i P n 
^K^44SrO. 1 MmiOKJSt?^^^,, ifl? n «9 

K ®4 4 14, SIS-SOtW K Si: U -Cf^ffiL s 
GaN, I nGa N*fi£S$-B:$ii:j6<a*L< , ii?ir 
10 0 tV^KB-A-B Mtax *fe «S*f*L< f*2 
O0^y^Hi-A-l /tmiOKIS'C^eS-BrS^i: 
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Kf*&l VRRXfifSz ff>m<»'Pte< fh-3r\Zn £7M 

[ 0044] ( 5 ) 7>K — yoi n 0. 

2Ga O.BNJtU 2 5*J/^^-i,i, 

-^"1 n 0.05Ga 0.96Ni»9 P*SJS, 5 0 
y^hn ~A&$£fcfS«UTfc;5l£j£J?l 7 6*> 

v-*<r>&m&*#wmm mqw) <o®ttS4 

[ 00 45 ] < p <M*+ y ;/«4 6 > ^K^f-y 
3, T'ai^^-jjtp K «4 7 J; 5 t> < , 

ofl^4®4 5 J: ?> t) *S V\ MgSrl xioVcm'K 
— TXfcp SA1 0.3Ga O.SNiD fcSp jffl+tyT'I 
4 6 «: 3 O 0 h n - t5. - 

<op fly^e-t?' t*«4 6 rtp St Ufca«> 

P WtmttV -7°L fcJii: p ffill** y 7")Il 7 
(Offi^CttD. l (i»HT, SfclC#*U< ttB O 0*> 
i/Xf p-A^T, at>»*U<|S3 0 0^^ho 
-A£tTtS5ft-T6. 0. 1 «m^9^v^t^ 
•fr-S t , p y -fMA 6 *PJi^ 5> * 9 

Al «*&tfifcri*;*:$V*Al Gi NSHf< J&#-f 
5tLDsRT»^SU^»f< fcS. 0J*tf, Y$M<0. 
2 gtJbOAl vGa wNTffc^liS O O ^^^h o — 

.0046] ( p flJ3fe^WKJg4 7 ) fcfc, ^K*+ 
y •7x.*A>*?—&p W**v 6 i t) /JsS V\ M 6 
& 1 X 1 0 VcfflV — 7"L fcp SLG a Ni 9 fc$p M 
JfcifW K JS4 7 SrO . Id m<DSBJ*T?/fcB£ -ftS . i © 

JS4 4 tKC<Ga N> I nGa N T?J5fcS3 £ t i* 

cr— A~5 f«nu $P.I2»*L< 142 0 0 ^Pah u 
— A— 1 W mtf?^-Tf^$*Sit It* 9 , 

K igi L Tf^ffl-f 5 „ £ (Op W%#J K /Sttilti? 
ttMg #<*>p S**£4&«rK-:/LTp S!roiff&SS!i: -TS 

r« <om<»'ptt< th-ir 
t>&v\ 

( 0047 ] (p«l^9yKS4 8) Rlc, Mgfrl x 
1 0 VcmV -^Ufcp S1A1 0.2Ga 0.8Nil> >iS 



^1 <0^, 2 0 n-Ai , Mgtl X10 a 

/cm'K-ri.fcp !GaNJ:)}«e$2 (Oi, 20t 
yfxh u-*b&&mzffiil\,xt£&im&o . 4 m 
mtf>ig&?-J§.fc ►) p {R!|^ 7y¥ Jg4 8 ^^fifc-fS, 
^W«l4n{W^?yK®4 3iPC<^-ry 7|3/!C&«> 
®t U Tf^^U , &fe*m&b 1-S £ i JiJ; *) p SJJSflO 
©JStit^SriST*-a:afc«>ro»i:UX^ffl"rS. £»P 
fll* ?5»K ®4 8 <0JSJ?t W£ RB^U/£V^<, 10 0* 

OO^^^h n-A£i±, l ymfitT^eS^Si 

[ 0048 ] S^«JtO#FJS*W^|gttJ@4 5 

-fa y^/u^u w&<omitto*®ft&*<o®&. mm. 

^4 5 ic&U fiH±®4 5 \> t, /<f K <f * v 
A>*?—Mc*\*KflR> . 1 (imfitT©Al Sr-£tp&rt;*& 
^ffi 9 7555*^5/^4 6 SrKit, *<o*^y^® 

4 6 «fc*J<>«tt«7i»fejS*l.fctt»i, *tS'7'i4 6J; 
H^Kf-VJ' ^ai^V^—^/J^ V^p flSjfctr-f K ® 

4 7 Sr^Jts *Op m^tif^Y 14 7J:H 
l^iXfcttKI', p flJJt^ K Jg4 7 ± *> <> /<VK =¥1- y 
^*«^ctV>Al 4r«tf^li«»¥^**tr@tt^«J:t> 
#5p 9i^7i»\ r M4 8 *SSlt*£ fc f4#fcfc#* U 
V\ U *»t> p <RU#T y 7*/S4 6 WsY 4r+ y T*^^ 
^-a^* <Lt«>5, n mi»h ^AS *t&«^-^£ <n 
^s- 8 TJiaifcd *i«fc«> % «^-*s®i4J3%^— 

[ oo4d ] ( pfl!I=»^'^'^'^«4 9) gfefcii, Mg& 

2X10 VomV — ^Ufcp SGa N J: 9 fr5p «|J^ 

p (W=^^!?hJfrt500 
Tn *6j«C»*U< ^OOJti'i/^h u— J»2t.T* 2 

SK^^^flsiR^^WS^ttttG a N fi#4 

[ 0050 ] E£&Tfc> Si&«l§rtlC*3V^T % 
^SsilStBB^^, 7 0 0 'CUT--'; V^4rf?v\ p 

*s«?^»!4»t>H9 mis ®9 \ZTjk-txb ii, ri Em 

iSK.fc 9 ftiJg(Dp SaV^jJ')-J320i % pl?7f 

t-r$y y t?3BMftt u > y y v&ffin&mzm /au 

^0 *5p «®5 1 SrBfifc-TS. y y^»Mg»Ga 

[ 00 5 1 ] g|9 K^-f l£p ®®5 1 

P^?5'KS4 8, S4 9 COSgliS i O 
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ai *> %Z&&m5 0 4r^U , i 0 fctf-L 

[ 00 52 1 ( ^3 org) p £|B0j&taU v*.—^<o 
mm. 8$s*L, si K-roa ns«4o a>&m*&m 

t©Ga NS*R4 0 (0&M±mz^ Ti /Al i 
D 3 &0 . 5 ftm05^T?^U. *ro_fc 

(it — h '>^^iOpt^9-f <— fa ^JBfcAu/Sn 

[ 00 5 3 ] ( &4 OXf) 2fe|c: x n «S«35 8 jJ»e>X 
h?^^ s/i?fc*rLTiIiS:ft{fcH, BP%, GaNSi 
4o«oMiit?StE«:5tP8L, fiHft«WSIB®MiBfc*JSa 

& feasts. 

[ 0054] St£fc, *«iSliSi OiiTi oU:t)>te 
$Sftt<*#JSKfcJiMt.> p mffilcsp^ftrfriSnN 

*Tv7{ Ga NSSit-t. S/^^ t jJ<*ti6]L fc*K 
fiS) t»fc -h ligKgU s p K 3*6 2 fct?^ 

aacaavvc, BHpTigjgg5&2 . 1 n a/W> h 

<K«ffi4 . 2Vf, 3B1BSIS4 0 5 n xn<0%ffiXtg*<W 

SS& *K 500^P8KJiCr>^>fe^L.^. 

[ 00 55] [ i*SJ&0*2 ] A8£&lcAii*£9fc u. 

Si »N«£lfl\ S£fe09l P«|£R EK*tL t^ft 

?-<^RaW( 4 m&0 . 1 „m£-?-5, *L 

Ofi^EoilC, CttpBlSlLfc, 7VKWOa N 
XV fcS£<fc*Mii*#£:|g*l 2 0 «mORft^$ 

t Litmm*&m'— vm+mm* mm- 

[ 0 0 6 6 ] [ 3&S60il3 ] HVPE ( MK?-fKft|fl 
1 ) ffifc ifeSi t , ty75SS:(110) St 1*5 > 

i ^v^*©^br^/K Mg ai 2OO &tgfrJ§&'t 
5. i<oxtf^s«os®ir5a{g0iii t mmi^x, 
•7 *v ^*>> &nm* y si o**Dft5#&mi 1 
*y ?7Bi£#LT®a:ftxh5^;^KT?^rt- 

[ 00 5 7 ] HVP E afeStftt, & ftSKfc&Sg 

*>S*E1 ft*3. KfSagS&rt^Ga **/Hc: 



yr^t^ld, HC1 ^XSr^Ai-e. ^O&Ga* 

^ Asvjt^' — y» »*9 0 0 "CKtof&v, xtr-*^s*«Jr±i 

0 5 O'CICADMUtfoS. -tUTT, HC1 ^tGa Sr 

*T G a C 1 a* ^ ^^Sffiflll 1=.^ 

S4rf?v\ Ail so (im<os i 4ri xi o VcmV 

[ 0058 ] «UMOVPES^ffiV\ ^Jfe^l t mm 
[ 00 6 9 ] [ ^16^4 ] ^Jfe^Dl K:49VCft2 01g 

-o*t»*7r-frS<S±li»SSaS«r^b 

Gm&$:Qt!&l, X , Si K -7"G a N 

-fS. iOGa Nffi«<O±im«S0!|l t pJ^lifCU- 

[ooeo] [ mmm5 1 mum mwti 5 0 « 

m»S i K — 7>G a NS««Sli x HifiWl i K«liL 
X)« y^T'ffll 0 /<m. 7^yfl5?H8 *im(OS 

1 aN*t»> &Sffi2 o^giBSfeo . 1 Mm<OlR£tt*J&5fc 

•ta. ?g2 <o^aiB5<otte«s m izf^txi 

mi ro^SJKi 1 roe wmcogtcotteiis ®2 (O^J@ 

x^zkmz. %i <o&mmi 1 kmftcxh?^?* 

&&l.X^& a 

I 0 0 e 1 ] #2 w^aS0s^j*«, mmtf «-/sfeiMs 

xtrffiv\ Si Sri xi o'Vcm'K-7UfcGa Ni 

i> 4*»2 0a«bitmit:i 5 0 »m<ommx'&,& 

[ 0062 ]^ (OlSA»6,««^JfeCTl i 

!> 7W7»t5r«»4 N 

&2. Ok A/cm\ M^«S4 . 0 Vt, |5tiS6fi4 
o 5 n mOjgfi85Siga»?63^ *k 1 0 0 0 ^[jg»±c? 
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[00631 

#>\"~f#&-<ox$ ftte&xmw. ^uisMs-r*?* 

fe. ido#, ^W©^fi*SSfelc*5i:, 

&iim*m&*m^ii*>bv%mff-j , *'<*\z.mmx> 
I 01 i cto&ftLitm{t®¥m<*0>ti!&w&*fP-r 



£jjW-«5S;i6>rS0. 

[®4i #itoT.n<»&im¥mKt*-w&mm 
[06i mi <n3Mt>&im¥-mte**~'m&m& 

«3<o«5*:«j?5: J FS0. 

[08 1 07 <z>-SB%i£*tT^-t«^;fi<)*ipB®. 

i 09 1 *mw<ombto*&#$**>--mik*7rrtm 

5$»rB50. 

1 • • • * ^f£&*£ 

2 • • . • 77@ 

3 • • • . gteir&SIBl uDggfbt&^fc® 

4 • • • • m&k*zm 

1 1 • • • • $1 

1 2 • • • • S52 CDffcgSJgS 



M 58(11^0) 




[ 02 1 



[ 03 ] 



[ 06 ] 



I 07 ] 
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